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W HAT IS CLAIMED IS : 

1 . A method for producing an antibody dimer comprising: 

(i) obtaining or constructing a DNA molecule that encodes an 
antibody molecule heavy chain that has a desired binding specificity and 
introducing at least one cysteine codon therein via recombinant DNA 
mutagenesis; 

(ii) expressing said DNA molecule in a suitable host cell, or 
expression system, together with a DNA molecule that encodes an antibody 
molecule light chain of desired specificity, to produce an antibody molecule 
containing said introduced cysteine residue; 

(iii) purifying said antibody molecule from said host cell or 
expression system; 

(iv) contacting said purified antibody molecule with an amount 
of a suitable reducing agent sufficient to partially reduce the intra or inter 
molecular disulfide bonds of said antibody molecule and thereby enhance the 
function of antibody dimers; 

(v) allow ine sufficient time for the dimeri/ation reaction to 
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(vi) optionally terminating the reducing reaction by the addition 
of cysteine or after thiol blocking reagent. 

2. An IgG/IgG dimcr produced by the method of Claim 1 . 



3. The IgG/IgG dimcr of Claim 2, wherein said IgG/IgG dimcr is a 
homodimerT ^ 

\ 



4. The IgG/IgG dimcr of Claim 2 which is a heterodimer. 

5. The method of Claim 1, which results in an IgG/IgG dimcr capable 
of activating components of the complement system. 

(). The method of Claim 1. w hich results in an Ig(i Ig(i dimcr that 
comprises the ability to activate and kill cells via the complement cascade. 



I he method of Claim K which results in an IgG IgG dimcr that is 
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The method of C laim 7, which results in an IgG/IgG dimer that 



binds to Fey receptors on host immune cells. 



The method of Claim 2 which results in an IgG/IgG dimer capable 



of initiating programmed cell death (apoptosis). 



10. The dimer of Claim 3, wherein said homodimer is a an anti-CD20 
homodimer. 

1 1. The dimer of Claim 10, wherein said anti-CD2() dimer is a C2B8 
homodimer. 

12. The dimer of Claim 3, w herein said homodimer is an anti-CD23 

dimer. 

13. The dimer of Claim 12. w herein said anti-CD23 dimer is a p3H8 
homodimer. 
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14. The dimer of Claim 2, w herein said dimer is reactive against the 
CD23 antigen and/or the CD20 antigen. 

15. A method for treating cancer comprising contacting cancer cells 
w ith an antibody dimer produced according to Claim 1. 

5 16. A method for treating cancer comprising contacting cancer cells 

with an Ab dimer according to Claim 10. 

1 7. A method for treating an allergic disorder comprising administering 
an effective amount of the p5ES homodimer of Claim 13 to a patient in need of 
such treatment. 

10 IS. The method of Claim 17, wherein said disorder is selected from the 

group consisting of allergic asthma, allergic bronchopulmonary aspergillosis, 
allergic rhinitis atopic dermatitis, Chrones disease, (haves disease, food allergy, 
and allereic contact dermatitis.. 
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10. The method of C laim 10, wherein said cancer is CLL or B-cell 
lymphoma. 

20. A pharmaceutical composition comprising an antibody dimer 
produced according to Claim K and a pharmaceutical^ acceptable carrier. 

5 2 1 . A method of treatment comprising administering the pharmaceutical 

composition of Claim 8 to a patient in need of such treatment. 

22. A method' for treating an autoimmune disorder comprising 
administering an effective amount of an IgG/IgG dimer produced according to 
Claim 1 to a patient in need thereof. 

10 23. The method of Claim 22, w herein said Ig Ig(i dimer is an anti-gp39 

dimer. 

24. A method for producing an antibody dimer comprising: 



^ j K v. i i u i i 



, n i V 1 
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introducing at least one cysteine eodon therein via recombinant DNA 
technologies; 

(ii) expressing said DNA molecule in a suitable host cell, or 
expression system, together with a DNA molecule that encodes an antibody 

5 molecule light chain of desired binding specificity, to produce an antibody 
molecule containing said introduced cysteine residue; 

(iii) purifying said antibody molecule from said host cell or 
expression system; 

(iv) contacting said purified antibody molecule with an amount 
10 of a suitable reducing agent sufficient to partially reduce the intra or inter 

molecular disulfide bonds of said antibody molecule and thereby enhance the 
function of antibody dimers; 

(v) adding a thiol reactive group introduced on another antibody 
molecule which does not have a cysteine group introduced therein and allowing 

\5 sufficient time for the dimeri/ation reaction to proceed; and 

(vi) optionally terminating the reducing reaction by the addition 

of cvsteine. 
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25. The method of Claim 24, w herein the thiol reactive group is a 
maleimido group. 

26. The method of Claim 24, wherein the thiol reactive group is a 
dithiopyridal group. 

5 27. The method of Claim 24, wherein the thiol reactive group is a 

reactive thiol. 

28. An IgG/IgG dimer produced by the method of Claim 23, wherein 
said IgG's are of the same or different IgG subclass. 

29. The method of Claim 24, wherein said dimer comprises MAb 
10 molecules of different isotvpes. 

30. The method of C laim 24, wherein said IgG/IgG dimer is a 
homodimcr. 
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31. The method of C laim 30, wherein said homodimer is a C2B8 
homodimer. 

32. The method of Claim 30, wherein said homodimer is a p5E8 
homodimer. 

5 33. The method of Claim 30, wherein said homodimer is reactive 

against CD23 antigen. 

34. The method of Claim 24, wherein said IgG/IgG dimer is a 
heterodimer having binding specificity for two different epitopes. 

35. The method of Claim 34, wherein said heterodimer is reactive 
10 against the CD20 and CD23 antigen. 

3(>. The method of C laim 35, w herein said heterodimer is a C2B8 p5E8 
heterodimer. 



Attorney Docket No. 012712-584 

-52- 

(i ) obtaining a DNA molecule that encodes an antibody 
molecule heavy chain that has a desired binding specificity and introducing at 
least one cysteine codon therein via site specific mutagenesis; 

(ii) expressing said DNA molecule in a suitable host cell, 
together with a DNA molecule that encodes an antibody light chain, to produce 
an antibody molecule containing said introduced cysteine residue; 

(iii) purifying said antibody molecule from said host cell; 

(iv) contacting said purified antibody molecule with an amount 
of a suitable reducing agent sufficient to partially reduce the intra or inter 
molecule disulfide bonds of said antibody molecule and thereby enhance the 
function of antibody dimers; 

(v) cross-linking the reduced antibody molecules using a BIS- 
maleimido cross-linker; 

(vi) optionally terminating the reducing reaction bv the addition 

of cysteine. 

3S. A method for treating cancer comprising contacting cancer cells 
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39. A method for treating an allergic disorder comprising administering 
an effective amount of a dimer according to Claim 32 to a patient in need of such 
treatment. 

40. The method of Claim 38, wherein said cancer is CLL or B-cell 
5 lymphoma. 

41. A pharmaceutical composition comprising an IgG/IgG dimer 
^ according to Claim 28, and a pharmaceutical^ acceptable carrier. 

42. A method for treating cancer comprising administering the 
pharmaceutical composition of Claim 41 to a patient in need of such treatment. 

10 43. A method for treating an autoimmune disorder comprising 

administering an Ig(j'Ig(i dimer according to Claim 10, to a patient in need of 
such treatment. 
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44. A method for treating an allergic disorder comprising administering 
an effectiv e amount of an IgG/IgG dimer according to Claim 1 5 to a patient in 
need of such treatment. 

45. A method for producing an IgG/IgG dimer comprising genetieally 
engineering a MAb to introduce a cysteine molecule placed which inhibits or 
prevents formation of an intramolecular disulfide bridge between sister heavy 
chains on the same antibody molecule. 

46. An IgG/IgG dimer produced by the method of Claim 44. 
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WHAT IS CLAIMED IS: 



1 . A method for producing an antibody dimcr comprising: 

(i) obtaining or constructing a DNA molecule that encodes an 
antibody molecule heavy chain that has a desired binding specificity and 
introducing at least one cysteine codon therein via recombinant DNA 
mutagenesis; 



expression system, together with a DNA molecule that encodes an antibody 
molecule light chain of desired specificity, to produce an antibody molecule 
containing said introduced cysteine residue; 

(iii) purifying said antibody molecule from said host cell or 
expression system; 

(iv) contacting said purified antibody molecule with an amount 
of a suitable reducing agent sufficient to partially reduce the intra or inter 
molecular disulfide bonds of said antibody molecule and thereby enhance the 
function of antibodv dimers; 



(ii) expressing said DNA molecule in a suitable host cell, or 



proceed; and 
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(vi) optionally terminating the reducing reaction by the addition 
of cysteine or after thiol blocking reagent. 

2. An IgG/IgG dimer produced by the method of Claim 1 . 



3. The IgWlgG dimer of Claim 2, wherein sai^ngG/IgGN^imer is a 
homodirher. 



The IgG/IgG dimer of Claim 2 which is a heterodimer. 



The method of Claim 1, which results in an IgG/IgG dimer capable 

A** 

u 



of activatiim components of the complement system. « c r &c *n 



(). The method of Claim K w hich results in an IgG IgG dimer that 



comprises the ability to activate and kill cells via the complement cascade. 



capable of binding to bey receptors on cytotoxic el lector cells. 
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8. The method of Claim 7, which results in an IgG/IgG dimer that 
binds to Fey receptors on host immune cells. 



9. The method of Claim 2 which results in an IgG/IgG dimer capable 
of initiating programmed cell death (apoptosis). ^ ^ 

<SH. 3)36,12)1. (to 



vlO. The dimer of Claim 3, w herein said homodimer is a an anti-CD20 
homodinrer. 



1 1 . TV dimer of Claim 10, wherein said anti-CD20 dimer is a C2B8 
homodimer. 



The dimer oXClaim 3, wherein said homodimer is an anti-Cl)23 

10 dimer. 
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14. The dimer of Claim 2, wherein said dimcr is reactive against the 
CD23 antigen and/or the CD20 antigen. 

A method for treating cancer comprising contacting cancer cells 
with an antibody dimer produced according to Claim 1 . 

5 16. A\method for treating cancer comprising contacting cancer cells 

w ith an Ab dimer according to Claim 10. 

1 7. A method for treating an allergic disorder comprising administering 
an effective amount of the p5E8 homodimcr of Claim 13 to a patient in need of 
such treatment. \ 

10 1 8. The method of Claim r7, wherein said disorder is selected from the 

group consisting of allergic asthma, allergic bronchopulmonary aspergillosis* 
allergic rhinitis atopic dermatitis. ( 'hrnm^ <1i^ <<< 1 r'.r-M-.* i; <■ ' 
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L ( X The method of Claim 16, wherein said cancer is CLL or B-cell 



lymphoma* 



20. A\pharmaceutical composition comprising an antibody dimer 
produced according to Claim 1, and a pharmaceutical^ acceptable carrier. 



21. A methodW treatment comprising administering the pharmaceutical 
composition of Claim 8 to>a patient in need of such treatment. 



22. A method for treating an autoimmune disorder comprising 
administering an effective amoun^ of an IgG/IgG dimer produced according to 
Claim 1 to a patient in need thereof. \ 



10 



23. The method of Claim 22, wherein said Ig/IgG dimer is an anti-gp39 



dimer. 



(i) obtaining or constructing a DNA molecule that encodes an 
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introducing at least one cysteine codon therein via recombinant DNA 
technologies; 

(ii) expressing said DNA molecule in a suitable host cell, or 
expression system, together with a DNA molecule that encodes an antibudy 

5 molecule light chain of desired binding specificity, to produce an antibody 
molecule containing said introduced cysteine residue; 

(iii) purifying said antibody molecule from said host cell or 
expression system; 

(iv) contacting said purified antibody molecule with an amount 
10 of a suitable reducing agent sufficient to partially reduce the intra or inter 

molecular disulfide bonds of said antibody molecule and thereby enhance the 

function of antibody dimers; /7/ o^-' ^ 

/* 

(v) adding a thiol reactive group introduced on another antibody 
molecule which does not have a cysteine group introduced therein and allowing 

\5 sufficient time for the dimen/ation reaction to proceed; and 
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25. The method of Claim 24, w herein the thiol reactive group is a 
malcimido group. 

26. The method of Claim 24, wherein the thiol reactive group is a 
dithiopyridal group. 

5 27. The method of Claim 24, wherein the thiol reactive group is a 

reactive thiol. 

28. An IgG/IgG dimer produced by the method of Claim 23, wherein 
said lgG's are of the same or different IgG subclass. 

29. The method of Claim 24, wherein said dimer comprises MAb 
10 molecules of different isotypes. 

30. The metliKl of Clnihi ^4 - ]^> V1 . i i : * w r 



3 1 . The method 
homodimer. 

32. The method 
homodimer. 

5 33. The method 

against CD23 antigen. 
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of Claim 30, w herein 



of Claim 30, wherein 




of Claim 3\), w herein 
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said homodimer is a C2B8 




\ 

\ 



said homodimer is a p5E8 



\ 

\ 

said homodimer is reactive 



34. The method of Claim 24, wherein said IgG/IgG dimer is a 
heterodimer having binding specificity for two different epitopes. 



35. The method of Claim 34, wherein said heterodimer is reactive 
10 against the CD20 and CH23 antigen. 



3<Y The method nf ( 'him ^ - ^ 
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(i) obtaining a DNA molecule that encodes an antibody 
molecule heavy chain that has a desired binding specificity and introducing at 
least one cysteine codon therein via site specific mutagenesis; 

(ii) expressing said DNA molecule in a suitable host cell, 
5 together with a DNA molecule that encodes an antibody light chain, to produce 

an antibody molecule containing said introduced cysteine residue; 

(iii) purifying said antibody molecule from said host cell; 

(iv) contacting said purified antibody molecule with an amount 
of a suitable reducing agent sufficient to partially reduce the intra or inter 

10 molecule disulfide bonds of said antibody molecule and thereby enhance the 
function of antibody dimers; 

(v) cross-linking the reduced antibody molecules using a BIS- 
maleimido cross-linker; 

(vi) optionally terminating the reducing reaction by the addition 

15 of cysteine. 



\\ ith the IgCi Ig( i dimers ol ( I aim 2S. 
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39. A method for treating an allergic disorder comprising administering 



an effective amount of a duller according to Claim 32 to a patient in need^of such 
treatment. 



40. \ The method of Claim\38, wherein said cancer is CLL or 



5 lymphoma. 



\ 



-cell 



41. A pharmaceutical composition comprising an IgG/IgG dimer 
according to Claim 28, and a pharmaceutical^ acceptable carrier. 



42. A method for treating caTt^er comprising admjnistering\ the 
pharmaceutical composition of Claim 41 to a patient in need of suc\i treatment. 



10 43\ A method ton treating an autoVnmune disorder comprising: 

administering an Ig(iig(i din\er according to Claim 10, to a patient ill need o 

\ 

^uch UvntnVnt 
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4 r 4. A method for treating an allergic disorder comprising administering 

a^ effective amount of IgG/IgG dimer according to Claim to a patient 'in 

■■ \\\ \ " 

ne&ti of such treatment. \ 



45. A method for producing an IgG/IgG dimer comprising genetically 
engineering a MAb to introduce a cysteine molecule placed which inhibits or 
prevents formation of an intramolecular disulfide bridge between sister heavy 
chains on the same antibody molecule. 



46. 



An IgG/IgG dimer produced by the method of Claim 44. 



